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ABSTRACT 



A method of signal analysis for establishing display scahng 
and stable triggering for digital osdlloscopes employs 
ampUtudc and time histograms to analyze an input signal 
and establish the required conditions. An ampUmde histo- 
gram analysis method is first used to determine the mim- 
mum and maximum amplitude levels of the signal, and then 
a time histogram analysis method is used to determine the 
predominant time intervals occurring in the input signal. 
From these two analyses, vertical gain adjustments and time 
base settings adjustments may be made either manually or 
automatically, and triggering levels established to provide a 
stable, usable display. 

5 Claims, 3 Drawing Sheets 



G- 

0 — ► a 



r 



SIGNAL 
CONDITIONING 
CIRCUIT 



TRIGGER 
CIRCUIT 



IB 



CONTROL 



r 



14 



r 



20 



ADC 



ACQUISmON A- 
MEMORY 



26 



2l 



ACQ. 
CLOCK 



so 

V USER 
^ INTERFACE 



SYSTEM 
MEMORY 



32 



r_ 



0, ^ 

ii ■ 

I V34 38 




AMP 



V 



TIME 
BASE 



'36 




AMR 



40 i 



CONTROL 



22 

SYSTEM J 
CPU ^ 



DISPLAY 
DEVICE 



10/21/2003, EAST version: 1.4.1 



U.S. Patent Feb. 27, 1996 Sheet 1 of 3 



5,495,168 




10/21/2003, EAST version: 1.4.1 



U.S. Patent 



Feb. 27, 1996 Sheet 2 of 3 5,495,168 




10/21/2003, EAST version: 1.4.1 



U.S. Patent 



Feb. 27, 1996 Sheet 3 of 3 



5,495,168 



AMPLITUDE 



Fig. 3A 



i U — LENGTH = 20 • 


* LENGTH = 21 — ^ 










J — ► 






TIME 


l« — LENGTH = 20 — H 



NUMBER OF 
OCCURRENCES 



Fig. 3B 



AMPLfTUDE 



Fig. 4 A 




NUMBER OF 
OCCURRENCES 



Fig. 4B 



TO 



T6 
T3 
T2 
T1 



SECONDS 



10/21/2003, EAST version: 1. 



5,495,168 



METHOD OF SIGNAL ANALYSIS 
EMPLOYING HISTOGRAMS TO ESTABLISH 
STABLE, SCALED DISPLAYS IN 
OSCILLOSCOFES 

BACKGROUND OF THE INVENTION 

■nus invention tdates generaUy to sealing and tn^«ing 
artangementsforosciUosc(ves.andinpamcular»asy^ 

for a^yzing input sipals using ""P^'^^^'^ "^'^^''^ 
pH„« to est^lish vertical sensitivity, tunc ^f^^i-^ 
ttiggering levels for oscaioscopes to provide stable, view- 
able displays. 

Typical digital oscilloscopes rely on the tiscr to mamuUly 
adiu^ vertie^ and hoiiMntal scale factors, and to adjust the 
SaS^el to achieve stable triggering. More soptosu- 
inB6«u B mmnaiators to detect peal 
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IS 



to-peak signal ampUtude to pemiit level-crossing trigger 
simab to be generated by an associated tngger circuit. 

Thereafter, the digitized samples are analyzed to form a 
time toomm by counting the number of samples tha^ 
^ o "fTh of a number of signal Periods for cyc^^ 
waveforms such as sine or square waves, or •ntervds for 
complex waveforms, using levd-crossmg sigr^al aiudyMSto 
deffimine the signal intervals. THal is. a signal mt^ 
OwWch for purposes of this discussion mdudw signal pen- 
Ss) is Ste^Xhen the signal passes through a first level 
to a SMond level, and then back to the first level, such as 
X-wS-low sequence or a high-low-high sequence 
^Se oiunencTare ordered in the form of lengtoof 
tatervals on a time histogram to deiermme «luch inwvd 
^ most often. THe interval thus determined asbemg the 
^minantinterval of the input signal "nay *«« be medto 
adjust the horizpnt^ time base to ^ult in an on-««« 



adjust vertical and nonzoniaj — . ^ adjust the honzontai ume oasc .^u.. 

Sigering level to achieve stable triggenng. More soptosu. ^ ^^^^^ „j ^ piedetermined or user-selected 

ca^oscmoscopes utilize digital comparators to „ui*^ of cycles of the signal. 

._-is..,/i» »ni„i.s of inout sienals automaUcally to esiaoiisn ^ ^ . T..h,r,. nf the mesent invenuon to use 
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cated osciUoscopes utuize oigiiai «j..va.aL„,o r^^^^^ 
aStude values of input signals automaUcaUy to establish 
Slensitivityandlevel-crossing trigger detecnonauto^ 
Mticdly to estabUsh a time base setting as well as a 
triggered display. 

Achieving stable triggering has always been one of the 
more d St tasks in operating an oscilloscope. In a^og 
o^lloscopes. a trigger comparator "^"^ «fj^ 
start an associated time base sweep when an mput sign^ 
rShTs a votoge level adjusted arbitrarily by a user, and 
E "e pLisltriggering point is diffictilt to asc^ota 
Stal osdlloscopes. issuance of a va^id tngger si^ oten 
h used to stop digital acquisition of an mput signal m a 
i^Sd l^st-trigfer mode, freezing tiie contents of an 
S^Sd wavefom memory so that a later reconstructed 
Sramdisplay will showthe user events leadmgupto*e 
riSev^.t-nius.estabUshingasetofcon.hUon^^ 
wK valid trigger will be issued can be comphcated. even 

r«Snc^ users. Accordingly, many attempts have 
SenK^videautomatic triggering torelievetheuser 

of tiiis often frustrating task. 

Many users are only interested in a stable image of an 
inout^LTto see whether or not someflung is wrong w.& 
2 chi?^ nf Ae simal For these users, operating the 
S:trS^Sti?oSa^o^necessity.Moscill^^^^^ 

*~g simpUfied and deigned for tise ^ I^^^P^; 
enced personnel, a simple and inexpensive method of estab 
SS^u«natic verti^ sensitivity, time base settmg. and 
triggering is desired. 

SUMMARY OF TOE INVEmiON 
In accordance witii tiie present invention, a method of 
achLTi^automatic signal scaling and stab e tnggermg for 
SSI sfotage osciUo^pes employs ampUuide and tmte 
histograms to analyze an incoming signal. 

An untriggered. or &ce-running, incoming signal is con- 
vert^ todgital representations, or samples, by an analogy 
S£tal converter (ADC) in the oonv«.tional « a^^^ 
mwessed by an acquisition processor. The digitized samples 
STftSyzed to form a^ amplitude histogram by count- 
are nisi di.a.j discrete ampUtudt 



40 



number of cycles of the signal. 

It is therefore rae feature of Uie present invenuon to use 
amplimde and time histograms in amdyzing an mput signal 
in a digital oscilloscope. 

It is anotiier feature of die present iin«mtion to pow^^ 
osciUoscope with display scding and mgp«mg ijf^ 
employing histograms to extract amplitude and tome mfor- 
mation from a waveform. 

Other features, and advantages of the P^^ent invaritiM 
wiU^me obvious to tiiosc having ordinary stall intiieiff^ 
SonTreading of the foUowing description when taken m 
conjunction with the accon^anying drawings. 

BRIEF DESCRffTlON OF THE DRAWINGS 

no 1 is a generaUzed block diagram of a.digital osdl- 
loiwe havini a metiiod of signal analysis employmg 
SL^tn Lordance with tiie present invenuon; 

HGS. 2A and 2B are respectively a repetitive waveform 
and its amplitude histogram; 
HGS. 3A and 3B arc respectively a cycHc waveform and 

its time histogram; and 

RGS. 4A and 4B are respectively a complex waveform 
and its time histogram. 
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DETAILED DESCRIPTION OF THE 
INVENTION 
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Referring to HG. 1 of flie drawings, tiiere is shown a 
.e^^ Hock diagram of a digital oscUloscope in which 
fSSSacco^cewitiitiiepresentmv«,Uonn^ 
be^hiev«i. The circuitry is largely convenUonal. and 
therefore wiU be discussed in functional terms. 

An input repetitive signal is applied via an input tenmnifl 
10 to a sjnal'^conditioring circuit 12. Signal condiU«^g 
55 d«»it 12 my include conventional attenuators and pm- 
Sing preLplifiers to adjust tiie input signal amphmde 

sutobtelevel. me preampUfied el^^'^^a^ «8"'^ " 
M,Dli«l to a track-and-hold/analog-to-d.giUil converter 
nrocessed by an acqmsiuon pnj«».»«i. xu- — : „, /J^) 14. which converts instantaneous values of tne input 
SSanJyzedt^orm an amplimde tostogrm by c«^^ S to *8W«d samples at a rate determmed by an 
tag the nun*er of occunences of each discrete a^Um^ 60 ^^^^ diU 16. A replica of die input s gmd is apj^^ 
v^ue. -me minimmn (MIN) and ^^^^^2^''^. ^^tt* signal conditioning circuit 12 to a toggercircmt W^ 
excursions may be quickly determmed by to "wthod- The "J?^^^ ^gger signal upon tiie occurrence of a 
KndMAXampUmdevaluesmaytiienb^^^^ ^SSd event (iTbe described later). The digmzed 

the vertical sensitivity of tiie input amphfier to ^sult m an ^ ^ continuously written into 

ra-screen displayed waveform of an appropnately-scaled 65 s^*^^^ acquisition memory 20 until acquisition is 
^„Tvertic^^s)«consm«:ted«^A^^l^^^^^ S£S a v^id^gger event, feezing die memory con- 
upper triggering levels may be estabhshed witimi Uie peak naiico J 
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tents. Thereafter, the digitized samples may bej^occsscd as 
digital data by a system microprocessor or CPU 22 and 
transferred to a system memory 24. from which such digital 
data may reconstructed for display. 

CTU 22, which may suitably be a conventional micro- 5 
processor and its associated kernel devices, provides overall 
control of the oscilloscope system, and is connected via a 
CPU bus 26 to acquisition memory 20, system memory 24, 
a user interface 30 and a display unit 32. CPU 22 operates 
in accordance with its own stored program instructions md iq 
• user-selected control information from Uie user mtcrface 30, 
which may suitably include a conventional front-panel con- 
trol system or a keyboard, as well as a microcontroller to 
scan and interpret die user selections and commmids to 
provide the user-selected control information to CPU 22. 
Display unit 32 may include a digital-lo-analog converter 
(DAC) 34, a vertical amplifier 36, a time base circuit 38, a 
horizontal'ampUfier 40, and a display device 42 for recon- 
stnicting and displaying acquired waveforms. These circuits 
arc conventional and well known to those skilled in tiie art. 
and display device 42 may be any of a number of well- 
known available devices having a viewing screen suitable 
for displaying signal waveforms and textual information, 
such as a cathode-ray tube or a flat-panel Uquid-crystal 
display. 

CPU 22 analyzes the waveform from the digitized 
samples that are being written into the acquisition memory 
20 and subsequently provides information for automatically 
scaling tiie waveform by adjusting the vertical sensitivity of 
ampUfiers within signal conditioning circuit 12. and by 
adjusting tiie time base 38 to display a predetermined or 
user-selected number of cycles of waveform. Information is 
also provided to establish stable triggering. These functions 
will now be described in detail. 

A stream of digitized samples from ADC 14 is continu- 35 
ously written into acquisition memory 20, as mentioned 
earlier. CPU 22 analyzes tiie samples to develop an ampli- 
mde histogram by counting tiie number of occurrences of 
each discrete amplitode vadue over some finite time interval, 
such as one trace, or display screen widtii of information. 40 
That is, suppose one trace is made up of 500 digitized 
samples. Each sample value is used as an index in die 
amplitude histogram. Refer to FIG. 2A which shows a 
representation of an analog waveform 50. which for pur- 
poses of discussion is a sine wave. Vertical lines 52 represent 45 
die discrete ampliuide values of instantaneous samples taken 
along die time axis of die waveform. CPU 22 determines tiie 
number of times over one trace tiiat each discrete amplitude 
value occurs, and intemaUy constructs an amplitude histo- 
gram as shown in FIG. 2B. 50 

From the amplitude histogram, die minimum (MIN) and 
maximum (MAX) amplitude values of tiie waveform are 
quickly discerned, and the two values are stored. Tlie 
minimum and maximum amplitude values are used to deter- 
mine whetiier or not attenuation or gain settings need to be 55 
adjusted, and die amount of adjustment needed. CPU 22 
may tiien apply vertical sensitivity information, such as 
attenuation and vertical gain, to signal conditioning circuit 
12 to appropriately scale tiie ampliuide of tiie input signal to 
a viewable level on display device 42. Alternatively, die 60 
Mm and MAX values may be displayed to a user, who can 
tiien manually adjust die vertical sensitivity controls and 
settings from die front panel in tiie conventional manner. 
The histogram analysis and vertical gain adjustments may be 
repeated until optimal signal peak-to-peak amplitude (die 65 
distance between MIN and MAX in tiie histogram) is 
attained. 



The minimum and maximum values are used to calculate 
two levels. e.g.. at tiie 15% and 85% points, on die waveform 
for later use in making time histogram calculations and for 
establishing level-crossing trigger events to be generaw^ by 
trigger circuit 18. The amplimde histogram form of analysis 
is based on statistics, and tiicrefore it is necessary tiiat die 
waveform traces being analyzed not be triggered Amng tius 
time. Accordingly, trigger circuit 18 is disabled dunng tiie 
sigtial analysis. 

Next, CPU 22 analyzes die digital samples representing 
die input signal waveform to develop a time histogram by 
counting die number of samples tiiat occur over each of a 
number of signal intervals, using level-crossing signal 
analysis to determine tiie signal intervals. Witii a time 
histogram, signal time intervals are used as die index. These 
time intervals are calculated in die following manner Refer- 
ring to FIG. 3A, tiie input signal is represented as a sine 
wave 50 witii amplitude on die vertical axis, and time on die 
horizontal axis. The sine wave passes tiirough two horizontal 
lines 54 and 56. which represent respectively die two 
aforementioned levels calculated at die 15% and 85% points 
between die minimum and maximum values. It should be 
pointed out tiiat tiiese percentages for tiie two levels 54 and 
56 arc not critical, and in fact may not yield satisfactory 
stable triggering. Therefore, odier percentages, such as 25% 
and 75%, or 10% and 90%. may be utilized to improve 
performance. The time intervals are signal mtervals or 
periods as measured beginning at botii die low and high 
levels. The time is measured between a starting point at each 
level to an end point that is die same point on die waveform 
as tiie starting point to determine die time for one interval of 
signal. That is. a signal interval is detected when tiie signal 
passes tiirough a first level, tiien a second level, and tiien 
back to die first level, such as a low-high-low sequence or 
a high-low-high sequence. For example, die lengtii of each 
interval of signal in FIG. 3 A is represented as being equal to 
eitiier tiie number of samples taken over die measured 
interval, or by die number of clock cycles tiiat occur over die 
measured interval, each of which can be converted to a time 
mterval. These interval analyses are made for every interval 
starting at die low levels and at tiie high levels, and die 
number of occurrences of each time interval are assembled 
into a time histogram as shown in FIG. 3B. For example, in 
FIG. 3A a lengtii of 20 samples occurred Vwico and a lengdi 
of 21 samples occurred once, so in HG. 3B, which depicts 
die number of occurrences on die vertical axis and Icngdi on 
die horizontal axis, a time histogram is constnicted showing 
two occurrences at a lengtii of 20 and one occurrence at a 
lengdi of 21 . The interval tiiat occurs most often, a lengdi of 
20 in tins case, is considered to represent die interval of die 
signal (calculated in die above example as 0.2 microsec- 
onds). Hence, if die signal is a sine wave, die frequency of 
die signal may be calculated as die reciprocal of die penod 
(calculated in die above example as 5 megahertz). 

The interval determined as being die predominant interval 
of die input signal may tiien be used to manually or 
automatically adjust die horizontal time base to result in an 
on-screen displayed waveform of a predetermined or user- 
selected number of cycles of die signal. Suppose, for 
example, diat die user wishes to view two cycles of a 
5-megahertz signal. Since each cycle of signal has a period 
of 0.2 microseconds, die lengdi of displayed waveform over 
ten horizontal divisions will be adjusted to 0.4 microsec- 
onds, or 40 nanoseconds per division. The time base setting 
may dierefore be quickly calculated and selected by die 
microprocessor or CPU 22. or may displayed to a user who 
can tiien manually adjust die time base controls. 
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CPU 22 deiennines either a low trigger level or a high 
trigger level from intervals which best match the signal 
period. The selected low or high trigger level is then applied 
to trigger circuit 12, and triggered operation is commenced. ^ 
It should be noted that if neither the low level nor high level 
match a predominant signal interval, both a low and a high 
trigger level may be selected for use at the same time, 
providing a two-level triggering mode to obtain a stable 
display. 

Another example of time histogram signal analysis is 
shown in FIGS. 4A and 4B. In HG. 4A, a more complex 
waveform 50 is shown along with low and high levels 54. 56 
determined from an amplimde histogram analysis. Here, the 
intervals TO T2 and T4 are the low-high-low transition 
intervals, and the intervals Tl. T3 and TS are the high-low- 
high transition intervals. Let us suppose that intervals TO and 
T4 are the same length, and Tl. T2. T3, and T5 are the same 
length but sUghtly longer than TO and T4. These occurrences 20 
are counted and assembled into the lime histogram shown in 
FIG. 4B. As can be discerned from the time histogram, the 
interval represented by Tl, T2, T3, and T5 is the predomi- 
nant interval, and is used to determine the time base setting. 
Also, since this interval value recurs most often, level 56, in 
this instance, is selected as the trigger level and appUed to 
trigger circuit 18. 

Thus, it can be discerned than an amplitude histogram 
analysis is first used to determine minimum and maximum 30 
amplitude levels of the signal, and then a time histogram 
analysis is used to determine the period, or interval of the 
input signal. From these two analyses, vertical gain and time 
base adjustments or settings may be made either manuaUy or 
automatically using conventional techniques, and a trigger- 
ing level (or dual triggering level) established to provide a 
stable, usable display 

While I have shown and described tiic preferred embo^- 
ment of my invention, it will be obvious to those skilled in 40 
the art that many changes and modifications may be made 
witiiout departing from my invention in its broader aspects. 
It is therefore contemplated that the upended claims will 
cover all such changes and modifications as fall within the 
true scope of the invention. 
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What I claim as my invention is: 
1. A method of analyzing input signals to providing 
display scaling and triggering for a digital oscilloscope, 
comprising the steps of: 

(a) converting an input signal to digitized samples; 

(b) assembling tiie amplitude values of said digitized 
samples into an amplitude histogram determining 
tiierefrom the minimum and maximum amplitudes of 
said input signal; 

(c) establishing firom said minimum and maximum ampli- 
tudes a low voltage level and a high voltage level 
intermediate said minimum and maximum amplitudes; 

(d) detecting time intervals occurring in said input signal 
and assembling detected time intervals in a time his- 
togram to determine a predominant time interval, 
wherein each detected time interval is the time for the 
input signal to pass through a fint amplitude level, then 
a second amplimde level, and then back to the first 
amplitude level, said first amplitude level comprising 
one of said low voltage level and said high voltage 
level, and said second amplimde level comprising the 
other of said low voltage level and said high voltage 
level; and 

(e) selecting at least one of said low voltage level and said 
high voltage level as a trigger level. 

2. A method in accordance with claim 1 wherein said 
minimum and maximum amplitudes determined by said 
amplimde histogram are utilized to adjust vertical scaling of 
said digital oscilloscope. 

3. A method in accordance with claim 1 wherein said 
predominant interval of said input signal determined firom 
said time histogram is utilized to adjust a time base setting 
of said digital oscilloscope. 

4. A method in accordance witii claim 1 wherein step (d) 
includes detecting time intervals starting on botii of said low 
voltage level and said high voltage level using a time 
histogram to determine a predominant interval of said input 

signal. . 

5. A method in accordance witii claim 4 wherem step (e) 
includes selecting botii of said low voltage level and said 
high voltage level as trigger levels to provide dual-level 
triggering. 

***** 
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